The iroB gene of Salmonella enterica is absent from the chromosome of the related organism Escherichia coli. We determined the distribution of this gene among 150 bacterial isolates, representing 51 serotypes of different Salmonella species and subspecies and 8 other bacterial species which are frequent contaminants during routine enrichment procedures by Southern hybridization. An iroB-specific DNA probe detected homologous sequences in all strains of S. enterica, including serotypes of S. enterica subsp. enterica (I), salamae (II), diarizonae (IIIb), and houtenae (IV). No hybridization signal was obtained with strains of Salmonella bongori or other bacterial species. In contrast, hybridization with a DNA probe specific for purD, a purine biosynthesis gene, detected homologs in all bacterial species tested. Primers specific for iroB were used to amplify this gene from 197 bacterial isolates by PCR. The iroB gene could be PCR amplified from S. enterica subsp. enterica (I), salamae (II), diarizonae (IIIb), houtenae (IV), arizonae (IIIa), and indica (VI), but not from S. bongori or other bacterial species. Thus, PCR amplification of iroB can be used to distinguish between S. enterica and other bacterial species, including S. bongori. A combination of preenrichment in buffered peptone water supplemented with ferrioxamine E and amplification of iroB by magnetic immuno-PCR allowed detection of S. enterica in albumen within 24 h. In conclusion, PCR amplification of iroB is a new sensitive and selective method which has the potential to rapidly detect S. enterica serotypes.
According to current nomenclature, the genus Salmonella contains two species, Salmonella enterica and Salmonella bongori (21, 32) . S. enterica is further divided into subspecies, designated with roman numerals. For practical reasons, serotypes of S. enterica subspecies I are commonly referred to by their old generic species designations. For instance, the S. enterica serotype Typhi is referred to as S. typhi by most investigators. Most importantly, the current classification into species and subspecies reflects the actual phylogenetic relationship among Salmonella serotypes (8, 26, 32) . Analysis of the evolution of the genus Salmonella revealed that it is of monophyletic origin and that Salmonella serotypes last had a common ancestor with close relatives, such as Escherichia coli, some 100 to 150 million years ago (29) . During their separate evolution, Salmonella serotypes acquired many genes by phageor plasmid-mediated horizontal transfer (37) . These genes now distinguish this genus from other bacteria and are thus obvious candidates for the development of DNA-based methods for identification of Salmonella serotypes. For instance, the invA gene is located on a large pathogenicity island on the Salmonella chromosome which is absent from the corresponding region of the E. coli chromosome (14, 25) . Hybridization with an invA-specific DNA probe or PCR amplification of invA can be used to distinguish S. enterica and S. bongori from other bacterial species (22, 31) . Since new genes entered the Salmonella genome at different times during evolution, their distribution may allow the development of similar methods to distinguish between different species or subspecies contained in the genus Salmonella.
Recently, iroB, a Fur-regulated gene isolated from serotype S. typhi, was shown to be located in a large DNA region which is absent from the E. coli chromosome (4) . In this study we investigated the distribution of this gene among Salmonella serotypes and related bacterial species. We show that PCR amplification of iroB is a rapid and reliable method of distinguishing between S. enterica and other bacterial species, including S. bongori. buffered peptone water (BPW) (CM 509; Oxoid), which had been supplemented with 50 ng of ferrioxamine E/ml by shaking at 37ЊC for 16 h as described previously (35) , and the number of CFU was determined. The preenriched culture (1 ml) was treated with Dynabeads-Anti Salmonella (Dynal, Oslo, Norway) to enrich for S. enteritidis by a protocol provided by the manufacturer. The Dynabeads-Anti Salmonella concentrates were boiled for 5 min, and 5 l was used as a template for PCR. In addition, 10-fold dilutions of the boiled Dynabeads-Anti Salmonella concentrates were prepared, and 5 l was used as a template for PCR. This experiment was repeated three times independently.
RESULTS

Distribution of iroB among Salmonella species.
The iroB gene is located at 4 and 57 centisomes on the physical maps of serotypes S. typhi and S. typhimurium, respectively (4). These are corresponding genomic regions, and the different map positions are due to chromosomal inversions which occurred after the lineages of S. typhi and S. typhimurium split (23) . This region of the S. typhimurium chromosome contains a large DNA loop which is absent from the corresponding area of the E. coli chromosome (37) . To further investigate the distribution of iroB, a DNA probe derived from plasmid pTY1 (4), containing the 5Ј end of iroB, was used for hybridization with chromosomal DNA from 150 bacterial isolates, including strains of S. enterica and S. bongori and of eight other bacterial species ( Table 1) . As a positive control, hybridization was performed with an internal fragment of the S. typhimurium purD gene as a probe (3) . Although the purD probe gave positive hybridization signals with DNA from all bacterial strains tested, iroB hybridized only to DNA from strains belonging to S. enterica. All 133 isolates of S. enterica hybridized with the iroB probe, indicating that the presence of iroB is a reliable marker that can be used to distinguish this species from other bacteria, including S. bongori.
Identification of S. enterica by a PCR-based test system targeting iroB. In order to develop a simple and rapid method for detection of iroB, we designed primers for PCR amplification of a 606-bp DNA fragment containing the beginning (bp 2 to 607) of the iroB open reading frame. With these primers, a 606-bp DNA fragment could be amplified from all S. enterica isolates tested by Southern hybridization and from 47 S. enterica strains which were not tested by Southern hybridization (Table 1 and Fig. 1 ). No PCR product was obtained with bacterial strains which do not belong to S. enterica.
PCR products from different S. enterica serotypes were digested with BglII or AluI (Fig. 2) . In each case, restriction fragments with sizes predicted by the S. typhi iroB nucleotide sequence were obtained (4) . To further establish that the iroB gene was PCR amplified from S. enterica, a second PCR was performed with one of the original primers (primer 2 [ Table  2 ]) and a new primer that is complementary to an internal part of the 606-bp iroB PCR product (primer 3 [ Table 2 ]). These primers allow PCR amplification of a 443-bp fragment of iroB. With the 606-bp PCR product as a template, PCR products of the expected size could be obtained with all strains of S. enterica (Fig. 3) but not with other bacterial species. These controls established that the 606-bp PCR product originated from the amplification of iroB.
Detection of S. enteritidis PT4 in artificially infected albumen with ferrioxamine enrichment and iroB magnetic immuno-PCR. We tested whether PCR amplification of iroB can be used for detection of S. enterica in eggs. Albumen was inoculated to a density of 2 to 5 cells/25 g with S. enteritidis PT4, a common isolate from eggs. After preenrichment with ferrioxamine E-supplemented BPW for 16 h (35), S. enteritidis could be detected by iroB magnetic immuno-PCR (Fig. 4) . The total time needed for this detection method was approximately 24 h. After bacteria were captured by immunomagnetic separation with Dynabeads, 10-fold dilutions were prepared to test for the sensitivity of the iroB magnetic immuno-PCR. As few as 10 3 bacteria/ml could be detected by this method (Fig. 4) . Thus, ferrioxamine E enrichment and iroB magnetic immuno-PCR allow the reliable detection of S. enteritidis in albumen in only 24 h.
DISCUSSION
The number of cases of salmonellosis has steadily increased in developed countries over the past decades. Therefore, pre- ventive measures would be of obvious benefit to human health.
One of the problems for the detection of S. enterica strains in food samples has been combining sufficient sensitivity with speed. Procedures that allow the detection of low levels of S. enterica in food samples start with preenrichment steps to increase both the total numbers of bacteria and the ratio of S. enterica to competing organisms (33) . The bacteria are then isolated on selective agar plates and are subsequently characterized by serological and biochemical tests. With these conventional techniques the identification of S. enterica takes between 72 and 96 h. Alternate methods, such as immunoassays, have been developed to reduce the time needed for detection (1, 5, 10, 18, 33, 39) . These techniques depend on bacterial numbers above 10 5 to 10 7 cells/ml to guarantee reliable detection of S. enterica. Cloned DNA fragments with apparent specificity for Salmonella serotypes have been used to develop a DNA-DNA hybridization test for the presence of members of this genus in foods (11) . Recent analysis of these DNA fragments indicated that under nonstringent conditions, the majority of them also hybridize with DNA from other members of the family Enterobacteriaceae (15, 28) . Recently, PCR assays targeting Salmonella-specific DNA sequences have improved techniques for their detection with regard to speed, specificity, and sensitivity. These include assays based on amplification of invA (31) , agfA (9), IS200 (6), hin (41) , H-li (41) , iagAB (7), spvR (24) , viaB (16) , mkfA (36) , ompC (20) , oriC (12) , and an uncharacterized DNA fragment (27) . The main difference between these assays lies in their specificity. For example, the invA gene is present in both S. enterica and S. bongori (22, 31) . In contrast, PCR detection of iagAB identifies only serotypes of S. enterica subspecies I (7). Other PCR detection systems are specific for a few serotypes (24, 36) or a single serotype (16, 43) of S. enterica subspecies I. In this report we describe the development of a PCR-based diagnostic test targeting iroB, a gene present in all subspecies of S. enterica but absent from S. bongori. The iro locus is not the only area of the S. enterica chromosome which contains genes that are absent from S. bongori. For instance, the stn gene has been reported to be absent from the S. bongori genome (30) . Furthermore, Salmonella pathogenicity island 2 was shown to be present only in S. enterica (17) . These data provide further support for the idea that S. bongori is a separate species rather than a subspecies of S. enterica (32) . Our results show that a PCR detection assay targeting iroB allows the distinction of S. enterica strains from other bacterial species, including S. bongori.
We developed a rapid and sensitive detection assay for S. enteritidis in eggs, based on PCR amplification of iroB. The first step is preenrichment in BPW supplemented with an iron chelator, ferrioxamine E, which promotes multiplication of Salmonella serotypes under the iron deprivation imposed by growth in albumen (34, 35) . Ferrioxamine E allows more selective enrichment than other iron supplements, such as ferrous sulfate. Ferrioxamine E also improves the recovery of S. enterica with selenite-cysteine broth (35) , a selective enrichment broth that has been used for the rapid detection of S. typhimurium (38) . After preenrichment, bacteria are harvested by immunomagnetic separation. Substances which may inter- fere with the PCR are effectively removed in this step. This method can therefore also be used for the detection of bacteria in fecal samples, which contain powerful inhibitors of PCRs, such as bilirubin and bile salts (13, 42) . In the final step, as few as 10 3 S. enteritidis 327/94 (PT4) cells/ml could be detected by PCR amplification of iroB (Fig. 4) . The combination of preenrichment in BPW supplemented with ferrioxamine E and iroB magnetic immuno-PCR allowed the detection of 2 to 5 CFU of S. enteritidis/25 g of albumen within 24 h.
